In this paper, a high flat gain waveguide-fed aperture antenna has been proposed. For this purpose, two layers of FR4 dielectric as superstrates have been located in front of the aperture to enhance the bandwidth and the gain of the antenna. Moreover, a conductive shield, which is connected to the edges of the ground plane and surrounding aperture and superstrates, applied to the proposed structure to improve its radiation characteristics. The proposed antenna has been simulated with HFSS and optimized with parametric study and the following results have been obtained. The maximum gain of 13.0 dBi and 0.5-dBi gain bandwidth of 25.9 % (8.96 -11.63 GHz) has been achieved. The 3-dBi gain bandwidth of the proposed antenna is 40.7% (8.07-12.20 GHz), which has a suitable reflection coefficient (≤-10dBi) in whole bandwidth. This antenna comprises a compact size of (1.5λ×1.5λ), easy structure and low-cost fabrication.
INTRODUCTION
Waveguide antennas have good features, but relatively low gain. There are some techniques which can improve antenna gain including an array of antenna elements [1, 2] . Another technique, which has been utilized in this paper, is Partially Reflective Surface (PRS or superstrate). This fact was introduced in 1956 by Trentini [3] for the first time and then followed by many works of literatures, including unprinted dielectric [4] or printed dielectric [5] , or completely metallic structure [6] . In this technique, using two or three layers of superstrates [7] can enhance antenna gain more efficiently.
For unprinted dielectric superstrates, the maximum gain depends on the permittivity of the dielectric. Therefore, for higher peak gain, using high permittivity dielectric is required. These high permittivity dielectrics increase losses and fabrication cost. Printed dielectric superstrate are more efficient for optimization, leading to achieving higher peak gain, but it often decreases 3-dBi gain bandwidth and disturbs the reflection coefficient. The peak gain, in this technique, follows the hill-shape trend, increasing to maximum level then decreasing to lower values. In wideband application, it can significantly be dropped to lower than peak gain in the side frequencies. In this paper, a new structure is proposed to flatten the antenna gain in a wide range of frequency.
Flat gain concurrently with high gain features in a wideband antenna is favorable subject and was followed in many works of literatures on a variety type of antennas, including microstrip antenna, slot antenna, Yagi antenna etc. In [8] , a microstrip patch antenna using a single layer of metamaterial superstrate with a zero refractive index was investigated. A microstrip patch antenna with the radome consist of a pair of parallel strips etched on the bottom of the dielectric [9] realized flat gain feature, but with low peak gain. In [10] , a two-pole Butterworth bandpass filter was designed. Then fan shape patch antenna as a second resonator, filtering antenna applied to enhance the gain flatness compared to the traditional antennas.
In [11] square-ring-loaded slot antenna was investigated, which was fed with L-shape microstrip line. In [12] , a slot antenna is proposed. In this design, a parasitic patch and windowed superstrate as a gain enhancement method are applied. A planar double-dipole quasi-Yagi antenna using multiple directors as a method of flat gain enhancement was reported in [13] . In [14] printed frequency scanning antenna based on an even-mode bilateral broadside-coupled suspended microstrip line was investigated.
In this paper, a compact size, wideband, and high flat gain antenna has been proposed. The proposed antenna possesses the maximum gain of 13.0 dBi, 0.5-dBi gain bandwidth of 25.9%, 3-dBi gain bandwidth of 40.7%, and good reflection coefficient at the whole bandwidth. This antenna composes of an aperture mounted on a conducting ground plane, which is fed with the WR90 waveguide. A conducting shield is connected to the edge of the ground plane. Two layers of common and low-cost FR4 dielectric as superstrate are located in front of the aperture and parallel to the ground plane at the distance of λ/6 and λ/2 approximately. This antenna represents an easy structure and low-cost fabrication, with good radiation characteristics and impedance bandwidth. Figure 1 shows the structure of the proposed antenna. The proposed antenna is based on a rectangular aperture mounted on a conductive ground plane. Two layers of FR4 dielectric (relative permittivity of 4.4, and loss tangent of 0.02) slabs are located in front of aperture and parallel to the ground plane at a certain distance. Moreover, a shield, which is connected to the ground plane edges, surrounds aperture and superstrates. The excitation is through a waveguide, WR90, with dimensions of 10.16×22.86 mm, and superstrates are FR4 dielectric with 1.6 mm thickness. The central frequency of the proposed antenna is 10 GHz, corresponding to the wavelength of 30 mm. the proposed antenna consists an aperture with dimensions of 22.86×10.16 mm (dimensions of WR90) is mounted in the center of conducting ground plane with dimensions of 45×45 mm (1.5λ×1.5λ). Two layers of superstrate slabs with same dimensions of 30×30 mm 2 are symmetrically located in front of the aperture at the distances of 5 mm (0.17λ), and 18 mm (0.6λ) from the aperture, respectively. Superstrates are chosen common and inexpensive FR4 dielectric with a thickness of 1.6 mm. At the edges of the ground plane, a shield with the profile of the ground plane and width of 22 mm (0.73λ) is applied to the antenna structure.
II. ANTENNA CONFIGURATION

III. ANALYSIS AND PHYSICAL INSIGHT
In RCAs, a cavity is formed between a superstrate and a ground plane, which resonances at the distance of halfwavelength. The most common method to explore these antennas resonance in accordance with the distance is ray analysis. Fig. 2 shows the resonant cavity antenna which is formed between these two planes. In this way, the distance between superstrate and ground plane is as follows [13] :
Where sd is the cavity height, ψ0 is the angle of the reflection coefficient, λ is the wavelength of central frequency, and N is a number. To calculate the gain and the bandwidth of an RCA, the following equations are used.
Where G is the peak gain, BW is the bandwidth, and ρ is the magnitude of the reflection coefficient. Based on the equation (2), the maximum gain is realized, where the magnitude of reflection coefficient ρ=1 for highly reflective FSS. Therefore, ψ0=π is achieved and for N=1,sd=λ⁄2.
IV. DESIGN AND SIMULATION
A. Design steps
In the proposed antenna, there are 5 critical parameters of s, g, w, d1, and d2. The main target of this paper is to design wideband and high flat gain. Therefore, the reflection coefficient and gain chart of the proposed antenna with these parameters is investigated.
Step 1 (ground plane width and length, g×g): At the first step, ground plane dimensions is studying. For this purpose, the ground plane is assumed in a square shape with dimensions of g×g. Fig. 3 Fig. 3(A) shows that higher values of g enhance the maximum gain, but the gain variation increases. Fig 3(B) shows that g=45 mm is the best choice for the ground plane dimensions.
Step 2 (superstrates width and length, s×s): At the second step, superstrates dimensions are investigated. Similar to the ground plane, the superstrates assume a square shape with the dimensions of s×s. Fig. 4 (A) and 4(B) respectively show the gain and the reflection coefficient of the proposed antenna in accordance with the parameter of s. Fig. 4(A) shows that the gain of the antenna at lower frequencies is approximately unchanged with the variation of the parameter of p, and at higher frequencies, it is increased while parameter of s is decreased. Also, figure 4 (B) shows that increasing of the superstrate size improves the reflection coefficient of the proposed antenna. Therefore, s=30 mm is the best choice for the flat gain feature.
Step 3 (conducting shield height, w): Fig. 5(A) and (B) show the gain and reflection coefficient of the proposed antenna with the conducting shield length, w. Figures 5(A) and 5(B) show that the parameter of w changes the gain at the middle frequencies, and the gain is approximately steady at the lower and the higher frequencies. According to these figures, w=22 mm selected as the best value for the conducting shield length. Step 4 (distance between the first superstrate and the ground plane, d1): The distance between the first superstrate and ground plane (d1) is the next critical parameter that must be investigated and optimized. Figure 6 (A) and 6(B) depict the gain and the reflection coefficient of the proposed antenna in accordance with d1 variations, respectively. It can be seen that d1=5 mm is the best value for this parameter. Step 5 (distance between two superstrates, d2): At the final step, the distance between the second superstrate from the first one, d2, is investigated. Fig. 7(A) and (B) respectively show the gain and the reflection coefficient of the proposed antenna in accordance with d2. According to these charts, d2=18 mm is the best choice of optimization. Fig. 9(A) and (B) show the gain and the reflection coefficient of the proposed antenna in the case of without shield and only first superstrate alone, only second superstrate, and both superstrates concurrently. According to these figures, the case of only first superstrate has a good reflection coefficient but weak gain, particularly at higher frequencies.
In the case of only second superstrate, it has a weak reflection coefficient and good gain at the higher frequencies. This antenna with both superstrates together and without shield has a gain of Hill-shape. This antenna with shield and without superstrates have a good gain at higher frequencies, but weak reflection coefficient in the whole bandwidth. Combination of these two superstrates and the shield create a good structure with high flat gain at a wide range of frequency with good reflection coefficient in the whole bandwidth. 
B. Simulation Results
The proposed antenna has a maximum gain of 13.0 dBi at the central frequency of 10 GHz. This antenna has an approximately flat gain at 2.67 GHz (8.96 -11.63 GHz), which the minimum gain in this bandwidth is 12.5 dBi. Also, an excellent 3-dBi gain bandwidth of 40.7% is achieved, with a good reflection coefficient in the whole bandwidth. In this structure, just two layers of common and low-cost FR4 dielectric are used, and a compact size antenna is realized with the easy and inexpensive structure to fabricate. Figure 10 shows 
C. Theory
As mentioned above, using superstrate in the distance of λ⁄2 can improves antenna gain significantly, while it deteriorates antenna reflection coefficient. On the contrary, the lower distance of λ⁄6 or λ⁄4 can improve antenna reflection coefficient, while deteriorate antenna gain. In this regard, two superstrates, one in approximately λ⁄6 from ground plane for reflection coefficient modification and one in approximately λ⁄2 from first superstrate for gain enhancement, have been utilized (figure 9A and 9B).
Along with this, conductive shield can improve antenna gain as well. Therefore, a conductive shield covered both superstrates to improve antenna gain. Also, it has been discovered that it is possible to optimize the conductive shield to activate two peak gain in marginal frequencies instead of a peak gain in central frequency (figure 8A, red line). A peak gain in central frequency can improve antenna peak gain more significantly, while the gain will be reduced with steep slope in both side.
As far as flatness is concerned, a peak gain due to implementation of second superstrate at 10 GHz is presumed, and two peak gain at 9 GHz and 11.5 GHz resulting from conductive shield is optimized. The second superstrate and shield, both, deteriorate antenna reflection coefficient. Therefore, utilizing first superstrate can compensate this degradation of the reflection coefficient chart.
In general, the whole structure has been optimized in order to acquire the best results.
V. CONCLUSION
In this paper, a waveguide fed aperture antenna with a shield and two layers of superstrates has been proposed. In this regard, second superstrate mounted at λ/2 from the first superstrate to create a cavity for gain enhancement at 10GHz (central frequency). A conductive ground plane surround the aperture and two superstrates to activate two peak gain at 9 GHz and 11.5 GHz. As these two technique deteriorate antenna reflection coefficient, the first superstrate has been utilized at λ/6 from ground plane to compensate the antenna scattering parameter (S11) in order to have an appropriate bandwidth. The whole structure optimized through parametric study using HFSS as to increase antenna gain flatness and attain reliable reflection coefficient. As a result, the antenna outputs include the maximum gain of 13.0 dBi, 0.5-dBi gain bandwidth of 25.9%, and 3-dBi gain bandwidth of 40.7%. The reflection coefficient of the proposed antenna is less than -10 dBi at the whole bandwidth. Moreover, this antenna has a compact size of 1.5λ×1.5λ, with simple and inexpensive structure and material.
